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1.0 SUMIARY ' Rev, A

This report describes the Scout hydrogen peroxide reaction thrusi
system for vehicles No. 5 through 7. The various design problems, including
material selection, thermodynamic and fluid flow anzlysis, and system analysis
are discussed.

The basic design of the system is the same as the system developed
by Walter Kidde and Compsny, Incorporated for vehicles No. 1 tnrough U4 except
for improved routing of plumbing, changing the % pound roll moter tnrust reducticn
system, and deletion of several componsnts,

T!}

Howsver, thae NASA retrofitted the 20 pound roll motors in the Jcond
stage with 40 pound roll rmotors., This was accomplished after the second stag
had been shipped from CVC to Wallops Island launch site, 1he 40 pound roll
motors assured tne NASA of better venicle roll control durln' the second slage
main engine's burning. In accordance with Reference &,1, no cther imorovement
type changes were made in the two systems, Chance Voughl Astronsuvics feels
there sre many ways in which the reaction thrust system can be improved Lo ro-
duce weight, improve both degres and uniformity of performance, and increase
relisbility if such improvements are feasible from an economic point of visw,

mn

Although the nresent Scout resctien thrust systems are not cone
sidzred completoly refined, thay fvlfill the essentisl requiremsnis of boih
the specification and the venicle itself, This has baen demonstrated by
successful functional system tests and in actual veaicle firings.

2,0 INTRODUCT LON

The functions of the second and tnird stage Scout reaction thrast
systams zre to provide venidcle attitude control and stabilization during main
engine opersation and vehicle coast. These {unctions are accomslished by
€ "on-off" reaction thrust motors in the sescond stuge system and 10 "on-off"
reaction thrust motors in the tnird stage system,

3.0 SYSTEM 3ZLECTION

The use of 90 percent nydrogen peroxide (H202) as the propellant
for the second and third stage reaction thrust systems was specified by
Minnzapolis-Honeywell for Sceut vehicles No, 1 through 4, The hydrogen
peroxide re=action thrust system adegquastely fulfills the Scout second and
tnird stage control requirements; therzfore, it was retainsd by Chance
Vougnt Astronautics Livision for vehicles 5 through 7.

The use of conventional aerodynamic control surfaces such
those uiilized in the first stage of the vehicle is not practical for
second and third stags control since these controls are required to
opsrate beyond the sarth's sensible atmosphere (above 130,000 fect
The nesed for control durings coast periods subsequent to burnout of the
main rocket engine pruc]udud the use of deflectors in the main engine
exnaust stream or other such schemes which are effective only during
burning of the main engine., Therefore, A reaction thrust system utiliz-
ing gaseous prodvcts was indicated for the second and third stage contrel
systems,

There are five basic types of reactlion control systems that
could be considered for the Scout application, The general characteris-

tics for each are listed,
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REACLTLON CONTROL, SYSIIILs

Type opeclficjiwnlicable (Coast Tine Complexityfﬁgifgﬁility Rostare
Irpulse Impulse Potential [Cupability
Rongse Range 1 L S S
—— SRS et - P e upi
Cold Gas Lov Low Linited- {Low Ixcellent Yea
Iong
Monopropellant {Hedium  (led-High (Indefinite [Medium Ixcellent- Yes
Good

Bi~Propellant (led-High{llizh Indefinite {lkigh Good-Fair Yos

X R S S S
Solid lingines (led-Ilighiiedium Limited led-Hign |Good o

~

Holt Gas Hed-High {Hediwa Linited High-l2d [¥air o

To best fulfill the requirements for Scout, a bi-propellont systen
shonld be used in "B" section and a mono-propellant in "C" section, but on
the basis of simplifyiug vehicle maintenance, logistics, and system develop-
ment, it was declded to use a mono-propellant for both stages.

The three rmono-propellants considered for this opplication were
hydrogen-peroxide, hydrazine, and ethylene oxide. The inportunt charac-

teristics of these propellants are shown below.
L

HOIIO-PROPELLAITTS

Type Lsp Density | Decomp. Temp. | Freezing | Catalyst Tbxicfﬁ?
at GOOF oF Term Repeated
300-1h.7 psi | @v e - e
r at 63°F Starts
j J:‘;/F"CB Fuel Tenm. o O3 e
Hydrogen- 132 86.7 1360 11.3 Silver Durnt
Peroxide skin
90,5
Hydrazine 1c2 2.6 1565 3ite5 Heat Toxic
source
Bthylene 169 Shb 1728 -170.4 Heut Low
C:iide source

Ilinety (90) ° percent hydrogen peroxide was chosen because it required no
cxcernal energy for starting, was readily available, Tuirly inexpensive,
relatively easy to handle, has a good storage life when handled corvacily,
and has a lov combustion termperature. These advantages outweished the
better performance of the other two niono-propellants considered.

Gaseous nitrogen was chosen for the prossurizing medium boecause

cof the availability of hardwvare that could be used vith it, and the vast

amount of cxperience that has been bullt upon its usc.
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k.0 SYSTI! DESCRIDPTION

Restoring noments for desired vehilcle orientation are provided by
8 pressure fcd "on~off" reaction thrust motors in the sccond stape systow
and 10 pressure fed "on-off' reaction thrust motors in the third Sease s8Yys-
tern.  These motors are so placed that moments arve set up about cach of tho
3 axes, piltch, roll, and yaw. The notors are mono-propellant and wtiliz
90 percent hydrogen peroxide (HQOQ). Propellant pressurization is provided
by & compressed nitrogen (i) gus systen

A schematic diagram and weight brealdovmn of the second and third
stage systems are prescented in Figures 1 and 2 and Table I, respectively.

5.0 SYSTEM OPLERATTION

The folloving operational description applies to both the sceond

and third stage rceaction thrust systens.

Referwing Lo either Figure 1 or 2, the systom is charged vith
hydrogen peroxide through the peroxide charging valve. The peroxide
entering the system {ills the lines and rises inco the pevoxide tanks.
Jhe peroxide enters the tanks through the c:pulsion tubes and continues
to rise vertically writhin the tank bladders. Any air and/or gas vhich
nay be present in the tanks is displaced by the entering peroxide and
vented overboard throush. the peroxide tanks’ overboard éruin tube, the
overboard drain line, the 10 psi back prescure cheek valve (installed
to insure complete £illing of the bladder vith peroxide), and the sys
Llecd valve. Vhen the perozide level reaches the top of the peronide
tanls” overbourd drain tubes, peroxidde begins floving throush the bleod
syciem indicating that the systen is fully charged. The overbouard tuhes
are located so as to provide sufficicnt ullage vithin the tanks to allow
for expansion of peroxide due to an inerease in temperature.

cem

The nitropzen gystem is charged by means of the nitrogen charging
valve. Through this valve, nitrogen enters the storage tanlks and the line
leading to the nitrogen shut-off or pressurization control valve. Charging
continues until the nitrogen pressure is brouzht up to the syscen raved
pressure (3000 psia for the second stage at TOCF and 1000 psia for the
third stage at 70°T). The system is now ready for operation eicept for
pressurizing the hydrogen peroxide system. This is accomplished by onen-
ing the nitrogen solenoid shut-off valve vhich allows repulated nitrogen
(525 psia for the sccond stuge system and 455 psia for the third stase
system in the locked wp condition) to flov throush the nitrogen runifold
to the gas side of the bladders in the peroxide tanks. This pressurines
the peroxide in the tanks and lines up to the inlet of the reaction chiust
Liovoy control valves. :

ALl motor valves are direct "on-off", solenold operated valves
cxeept for the 500 pound motor valves whieh are solenoid controlled and
pneumatically actuated. 'The dircet solenoid onerated valves are ‘cp2ucd.
upoir receipt of o sipnal fron the puidanee paclage. Hydrogen peroxide
wider presgure passes from the tanks through the expulsion tuhes, peroiide
lines, and motor control valves, distributed over the decormosition
chazbers! silver screen catalyst beds and decoimoeses into suoerhented
stean and oxygen.  She hol gnscous products c:mpand throucsh a convergenv-
divergent nozzle and produce a reactive thrust. 1his process continues




VOVEDTY AT LY

A Diviion of Chonoe Yought Corparctlern AST-E1s24
BY report HAST/ELR-1ZSL
DATE . | MODEL e e PAGE NO. o L
- — — —— L -

untll the thrust produced by the motors hes egatlefied the trajecbory cor-
rection requirements for the vebilcle. After the necessary correction has
been effected, the guidance package will finterrupt the signal to the pero-
xide control valve, thus closing the valve and interrupting the flow of
the peroxide.

When an elcetrical elgnal from the guldaonce is applled to the
500 pound motor valve, the solenocid closes the regulated supply line and
vents the trapped nitrogen within the valve overboard, allowing the fucl
inlet pressure to open the valve and permdt peroxice to flow to the motor.
lemoval of the clectrical signal. from the valve pressurizes the back side
of the valve shubtle vhich closes the valve.

The third stage 14 pound roll motor thrust is reduced Lo 3 pounds
during the coast phase of the wvechicle flight to couserve peroxide. This is
accomplished by placing a normally-closed solenoid volve in line with the
1 pound roll motor and placing an orificcd by-pass line in parallel with
the valve. At the cessation of burning of the third stage engine, the
vehicle timer de-cnergizes the in-gserics solenoild valve, allowing the
valve to close. Therefore, peroxlide to the roll motors is forced to pass
through the orificed by-vass line. The oxrifice is sized (0.014+ inches
nomlual diameter) so as to produce a significant loss in peroxide pres-
sure {apoproximtely 350 psi). This reduced fucl pressure to the roll
motors (approximately 75 psi) yields a lover motor chauber pressure, re-
sulting in a lower thrust level (3 pounds). This thrust is sdequate to
overcome any small roll moment Induced by the firing of the small pitch
(2 pounds) and/or yav (3 pounds) control motors.

During the coast phase of the third stage, the roll notors (3
pounds) also satisTy the yuw correction requirements. The small pitch
motors (2 pounds) are used during coast and are adeguate for any pitch
correction necessary. '

6.0 SYSTIN DISIGH REQUIRELILNTS

The desipgn objective was to provide a reaction thrust system
capable of producing a given total impulse with rcaction control motors
of stated thrust levels. This objective was to be obtained utilizing a
ninimm weight and envelope within the limitations of the system require-
ments. The major desipn requlrements are swmnarized in Teble IT.

7.0 SYSTEN! DESIGH AUVALYSIS
T.1 Effect of Nozzle Confirmration on Syeten Performance

In oxrder ©o establish data for the theorctilcal performance of
the second and third stage reactiayr notors for the amblent pressures specl-
fied in Table II, the rcaction chamber pressure vas estimated. The actual
operating charber pressure 1s limited not only by the pressurizing systenm
pressure limitations, but by consilderations of the reaction:chamber weilght
and strength at the mnximun feed temperatwre. The hydrogen peroxide fead
temperature range of 4OCF to 160°F as specified in Table IT corresponds
to a reaction temperature range of 1320°F to 1520°F. Thus, the reaction
chamber must bave sufficlent strengih to contain deccomposition gases bave
ing a maximwm temperature of approximately 1500°T,
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Maldng allouunca fur preszurs losses due to the flouw of hydrogen
peroxide through the fexd linss, coutrol valva, and catslyst pack a maximun
chamber pressure of 300 psia was chosen. The actusl selection of optimun
charber pressure for the motors in both stages would require an extonsive
paramestric analysis of the system which was not attsmpted., Rather, the
motor charber pressurs was selacted Losed upon usling a hign encugh pros-
sure to keep the moter ncuzls size wilhin acceptable limits, and yet pro~
vide a tolerable utilization factor for the pressurant gas. The sclected .
maximurm chamber pressure of 300 psia appeared to be a reasonuble desiyn
compromise in view of these dasign limitations.

Having chosen the chasboer pressure, the theoretical perforuance’
of various nozzle geomotrics was dinvestigated. For this investigation
the properties of 90 porcent hydrogen peroxide at a feed temperaturc of
65°TF was used. The corresponddng reaction temparoture is 13500F, and
the specific heat ratio is 1,204 at the esiimstod charber pressure of 300
psia, Although the reaction temperaturs of 1360°F is somewhot higher than
the minimum reaction temperature of 1320°F, the effect on calculated motor
performance is slight. Theoretical periormance curves are given in Pigures
3 through 7. Figure 3 is a plot of Nezzle Arca Ratio versus Pressure Ratlo
for a specific heat ratio of 1.264 and is given to facilitate translaticn
of area ratios into pressure ratios. Figure 4 presents the maximu Spzeie
fic impulse of 90 percent hydrogen peroxide at a feed temperature of 65°F
for optimum expansion, i.ec., the nozzle exit pressure is equal to subient
pressure, Figure 5 shows the effects of over or under expansion on the
maimum specific impulse at optimwn expansion ratios as shown on Figure
b, The ratio of the specific lupulse of Figure & to the spoelfic imoulse
for an actual nozzle configuration is plotted against nczzle pressure
ratio (Pc/Pe) as a function of the ambiout pressure ratio ('e/fa). The
theoretical performance of all poessible second and third stapge rocket
rnotors at the respective design conditions is obtained from the dats
given in Figures 4 and 5. This perforwance is plotied in Fisure 6 as
Actual Theoretical Specific Impulse versus Nozzle Pressure Latio for
the values of arbient pressures specified as design conditicns for
second and third stage reaction motors. Figure 7 is a plot of Altitude
to Sea Level Spscific Impulse Ratios versus Nozzls Pressura Ratio and
was dsveloped from the data in Figures 4 and 5. The nozzle dimensions
for all second and third stage motors are given in Figure 8 and are the
basis of the tabulated data given on motor performance in Figures ¢ and
10,

Figure 9 presents the theoretical motor performance data upon
which the system was designed by Walter Kidde Co. and Figure 10 presents
ths performance based on test data of tae actual components. Tae motor
chamber pressure (Pc) valuss in Figure 9 were based on a nozzle efficiency
of 100 percent while those in Figure 10 were obtained by determining the
correct sea level thrust corresponding to a given altitude thrust from
Figures 11 through 15 and 21 and then reading the correct chamber pressure
from Figures 16 through 20 and 22, Ths Sea Level versus Altitude Correction
Curves (Figures 11 through 15 and 21) are based on motor test data obtained
in a vacuum chamber and at sea level, and the Sea Level Thrust versus Chanber
Pressure Curves (Figures 16 through 20 and 22) are averages for each motor
based on test data obtained during the criginsl NASA and Alr Force 60%a progy
A wide variation in motor performance was obtained, and these curves

QWS o
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shoﬁld he usecd with cautlon. The nozzle and precsure robic informatlon prew
gentecd in Figures 9 mnd 10 were obtaln2d from Figures 3 and 8. The actual
thrust coefficient (Cf) glven in Figure 10 was celcwlated from the relstion

Cp =
S

The theorctlcal Cp at the dosign anbient pressure (Pa) cane
from the Ramo~Wooldridge Tables for a | = l.20%, and the nozzle effi-
ciency (72m) is the ratio of these two values. The specific lmpulse
(I;) in Figure 9 was talen from Flgure 6, end the fuel flow rate (w)

.

vas calculatzd from the formula W= F .. The specific impulse in Flgure

10 was based on average values'obtaingd by testing No. 5 vehlcle motors.
The silver scrcen catalyst area was obtained from Walter Kidde data, and
the catalyst loading factor 1s based on that area. Tt should be noted
that the actual loading factor for the second stage motors is well over
the recormended value of 20 pounds per minute per squarce lnch wialch im

a result of wprating the motors.

T2 Tankafpe
Te2.1 Hydrogen Peroxide

The required hydrogen peroxide storage capacity was determined
by estimating the actual performence of the reaction motors. Since all
the reaction motor nozzles have an 1deal specific impulse range of 158~
164 seconds, a mean value of 160 seconds was used as a basls for deter-
mining hydrogen peroxide tankage capacity. Assuming a nozzle ciTicicney
of 90 percent, the actual specific impulse of hydrogen peroxide is 1k
lb-sec/lb., vhich agrees quite well with the test data noted in Figure
10. The jhydrogen pcroxide capacity required for the second and third
stage steady state total impulse (Table II) is thereforc 178 and 17.8
pounds, respectively. The expulsion efficiency of the bladder type
peroxide tanks is approximately 99 percent, but, the Mel in the manl-
fold and lines is nob usable. This amounts to about 2.5 to 3 pounds in
"B" section and 1 pound in "C" saction or a fuel wnavailability per
section of 2.5 and 6.25 percent, respectively. With the state required
guantities of 178 and 17.8 pounds of hydrogen peroxlde for the second
and third stage systems respectively, the specific impulse that must be
obtained to provide the total impulse for cyclic operation is calculated
to be 117 and 123 seconds for the second and third stages, respectively.
Thus, the specification allows considerable degradation of reaction motor
performance when operated intermlttently as compared to continuous opera-
tion.

The required volume of the hydrogen peroxide tanks was deter-
mined by the density of hydrogen peroxide and the total welght of peroxide
carried by each stage. For a density of 86.9 pounds per cublc foot, the
required values are 3640 end 364+ cubic inches for the second and third
stages, respectlvely, based on the usable volume of peroxide. The cal-
culations, which determine the capacity of the hydrogen peroxide tank-
age, are swmmarijed in Table IIIL,
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722 Nitrogen

The nitrogen fuel pressurization systens for the soecund cnd third
stage reaction control systens are based on the nowinal hydrogen peroxide
tankage volumes plus the velume of the lincs end fittings. The nitrogen
ghorage capacity depends on the amount of heut transfer to the nilyrogen
during operation as well ns system pressures and fuel tapk volumes. The
extremes are glven by lsothermal and adisbatic expancion of the niltrogen.
The actual system operates somewhere between these extremes.

The nitrogen storape capacities required for Ilsothermal and
adlabatic pressurization of the fuel tanks is glven by the following

expregsions:
3 ,
(Vﬂé) = VHQOQ- ~“f? Isotherm:l
min 0 Py o= Py
(V) =T Vo, _Tp Adtabatic
max : B - Pp
where! VNé = voluume of nitrogen storage tank

v .
Héoa = volume of hydrogen peroxide storage tanks

o

7{ i = gpeclfic heat ratio for nitrogen
Pp = fuel pressure (psia)

Pi = inltial nitrogen container pressure
Pf = final nitrogen container pressure

Assuming a minimum pressure drop across the pressure regulators
of 50 psi, and using the fuel system pressures of 525 psia for the second
stage and 455 psia for the third stage, the maxinum end mininum values
of nitrogen storage capacity for each stage are as follows:

Second Stapge Third Stage
Hydrogen Peroxide Tank- 4,000 Tole)
age Volume - Cu. In.
P; (psia) 3,000 1,000
P, (psia) 550 490
Py (psia) 525 455
(v,)  (Cu. In.) 816 321
2 min . ’ ’
(V) (Cu. In.) 1,1k0 450
2 max
Actual Vi, (Cu. In.) 780 390
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SCHMPEEE:
Note that the actual nitrogen volume for the sccond plage tank- Rev. &
age Js less than that requived even considering isothermal expansion.
Mhis tanlapge vas designed by Wolter Kidde Co. for the MASA 1 through &
and the Alr Force 609a vehicles, and the following is thelr justilica-
tion for under designing the tankage. "It would at Tirst appear thav
the supply is therefore inadequate for The application. However, it
qust be further considered that such a condition will merely result in
the reduction of fuel supply pressure tovard the end of the system cycle
provided the demand has been Talrly high and virtually all of the per-
oxide on board has been ubilized. This will result in lower molor thrust
levels toward the end of the cycle which actually will be sufficieunt to
control the vehicle ( reference low thitist level requirvements for Scout
1 through 4 and 609a vehicles) and in effect will reduce system fuel
consuption. The reduced nitrogen volume can thus be expected to have
a beneficial cffect on system performance.” Since the system has per-
formed satisfactorlly thus for, no atbempt wes made to inercase the
weight of nitvogen stored in the second stage for vehicles 5 through

7.3 Lines, Valves and Fittings
T34 Basis Tor Sclection of ILine, Valve and Fitting Sizes

The selection of line, valve and fitting sizes was based on
the expected maximum hydrogen peroxide or nitrogen flow rates at various
points in the system. The individual motor flow requirements used for
design by Walter Kidde arc showm on Figure 9. All of the hydrogen pcr=-
oxide lines werce sized Tor a maxinum flow velocity of 20 feeb per sacond.
The pressure losses per foot of line and the flov rate at this veloclty
are given velow.

HYDROGEN PEROXIDE LINDES

Nominal Tube Perowide Velocity Tlow Rate Pressure Drop
Size m DQI};J';J o /Sec. w/8ec. AP psifit.
1/h 0.180 86.9 20 0.308 5.83
3/8 0.305 0.881 3.03
1/2 0.430 1.76 1.95
5/8 0.555 : 2.97 145
3/ 0.680 L.38 1.11
1/8 0.805 6.25 0.90
1 0.930 8.20 0.75
1-1/4 1.180 86.9 20 13 20 0.556
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The gaseous nitrogen lines were also.slzed to obtain a small
prossure drop for the maximum flow rates expected in each system. The
following table gives the pressure drop in psi per foot of length for
three lins sizos and flow rates of 10, 50, and 100 percent of the maxi=-
mur expected design flow rate of 0,213 pounds per second and the maui-
mum expected actual flow rate of 0,248 pounds per second,

NITROGEN LINES

Flow Rate Pressure Drop = AP - psi/fto
- #/Sec 1/bn.ID = 180" A/8n.ID = 305" 1/20..0ID = A3Qn
Design | Actual Desien_ JActual | Desipn | Actual Vesign] Actual
0.0213 0.0248 0.4L8 0.90 0,045 0.074 ——— ———
Oclo? Oql?u' 9.2 17.7 0083 1035 Ool? 0025‘1*
0.213 0.248 ———— —— 2.9 4,6 0.60 0,87

Fittings and valves were generally chosen in accordance with the line sizes
in both the fuel and pressurization systems,

7e3e¢ Second Stage

The )ine sizes for the peroxide system were sized by Walter
Kidde based on the information in Figure 9, These same line sizes were
used in vehicles 5 through 7 since detail design data was not available
to CVC in time to check ths Kidde design. The actual flow rates that
mey be cxpected based on measured specific impulses and nominal and
meximum thrust levels are higher than Kidde's design values. The follow-
ing table presents a comparison of the design with actual conditions,

The linz sizes woere obtained from the tableé in Section 7.3.1 based on

the fuel flow,

HYDROGEN PEROXIDE
FLOW RATES AND LINE SIZES

Vehicle W-K Design Nom, Thrust Max, Thrust
Line Flow Line Flow Line Flow Line
Size Rate Size Rate Size Rate Size
In, #/sec | In, #/Sec | In. #/Sec Ing,
500# Motor Line 3/4 3.58 | 3/& 4,28 | 3/4 4,67 | 3/
20# Motor Line 3/8 0. 144 | 1/ 0,163 | 1/4 0,196 | 1/4
LO# Roll Moteor
Line 3/8 —— | -- 0,36k | 3/8 0,40 | 3/8
" Manifold 1.0 7.5 1.0 8.9 1,0 9,73 [1-1/8
Tank Feed Lines
(10 tanks) 3/8 0.75 | 3/8 0.8 | 3/8 0.97 | 1/2
Fill Line 3/8 ——— 3/8 e B el
Bleed Line 1/h - 1/4 ———- - - -
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Only in the case of the maln manifold are the vehicle lines too
small to carry the nominal flow rate at velocitiecs less than 20 feet por
second. Under maximum flow conditions all the lines are slightly under-
sized except for the 20 pound motor line which was chosen over sized for
handling reasons. In none of thesz casez will the velocity in the lines
exceced 22-25 feet per sccond and a change in size would not be Justificd.

Assuming that each of the ten storage tanks feed the main mani-
fold uniformly the chosen line size is marginally adequate.

The sizing of the fuel %111 and vent lincs was based on the
charging flow rates. Since the system can be charged in epproximately
15 minutes at a fueling pressure of 50 psi, the chosen 3/8 inch fill
line and 1/4% inch vent Lihe up to the back pressurc relief valve are
considered adequate.

The nitrogen line sizes were also selected by Walter Kidde
baued on the fuel flows noted 1n Figure 9 and above. The density of
the nitrogen gas pressurizing the fuel tanks was assuned to be 2. SO
pounds per cubic foot at 500 psia and TOOF. Since, for a given ms
flow density (1. s€., Tixed mass flow rate and pipe dlameter), the pch-
sure loss is inversely proportional to the density, all the nitropgen
lines were sized for the lovest density in the system (2.50 1bs /fb3)
The following table presents a comparison between the desipgn and nominal
thrust condltions. The line pressure losses verc obbained from the
table shovm in Sectlon 7.3.1.

NITROGEN
FLOW RATES AND LINE PRESSURE LOSS
Vehicle W~K Desisgn Nominal Thrust

Line Flow Rates Line Flow Rates| Line

Size | AP : Ap

Th. #/Sac. psi/ft. #/Sec. {vsi/ft.
N, Manifold: 1/2 0.213 0.60 0.248 0.87
N, Feed Line 1/2 0.107 0.17 0.124 0.254
to Manifold
N, Feed Line 1/h 0.0213 0.48 0.0248 0.90
to H’202 Tanks

It will be noted that the line loss assoclated with the ncminal
thrust flow rates are higher than the desipgn values but are still quite

lov.

of the nitrogen lines.

For thils reason no thought has been given to increasing the size

The nitrOfcn supply llnes to the 500 pound motor valves' pilat

are /4 inch.

Since essentlally no flow occurs in these lines, a smaller

line could be used, but for practical considerations it was not conw-
sidered wise to go below 1/4 inch.
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Ts3.3 Third Stage

The peroxide line sizes in the third etage were also selected
by Walter Kidde in a similar manner to the second stage selection. The
following table presents a comparison of the design and actual conditions.
The line sizes were obtained {rom the table in Seetion 7T.3.1 based on
the Tuel flov.

HYDROGEN PEROXIDE
FLOW RATES AND LINE SIZES

Vehilcle W-K Desipn Nom. Thrust Max. Thrust
Line ¥low Iine | Flow Line Flow Line
Size Rate Size | Rate Size Rate Size
In. 1 _#/See In. F/Sec In, 3} /8ec In.
40, Motor Idine 3/8 0.27h /4 0,364 3/8 .0.40 3/8
Cluster Linc¥ 3/8 0.359 | 3/8 {o0.453 | 3/8 o.ko7 § 3/0
Manifold 3/8 0.718 | 3/8 }0.905 3/8 0.995 1/2
Tank Feed Lines 3/8 0.359 3/8 0.453 3/8 0.497 3/8
(2 Tanks)
Fill I‘\il'lc 3/8 “““““ 3/8 o o e - LT N B adeahatol - - on
Bleed Line 1/4 ———— 1/% ——— SUTSUUE SR ——

*A cluster consists of one 40 pound motor, two 1t pound motors, and onc
.2 pound motor feed from the same feed line.

It wvill be noted that the manifold is marginal under the maxi-
mum thrust condltions, but here again the expected velocities would be
less than 25 fect per sccond and larger lines not justified.

Since the third stage fuel flow is about one~tenth of the second
stage flou rate (0.960 1bs/sec. vs. 8.9 1lbs/sec.) the nitrogen flow rate
for the third stage is approxiluately onc-tenth that of the second stage.
It willl be noted from the table in Section T.3.2 that the maximum pres-
sure loss in a 1/4% inch line would be 0.90 psi per foot. Therefore, the
1/ ineh line vas chosen for all the nitrogen lines in the third stage
system since smaller lines were not considered practical.

Tl Pressure Reduccrs, Relief Valves, ond Solenoid Control Valves
Tkl Pressure Reducer, W.K. P/H 3593C-0002

This pressurc reducer is cuployed in the second stage reactilon
control, systen. It is o high quality aircraft type pressure reducer which
15 cupable of operating vith an upstrcuan pressure in the range of 3000 to
500 psi. ‘Ihe dellvery pressure is adjustuble to any desired value vithin
a wide vange. In this application, the delivery pressure 1s set at a
nomiua% value of 525 vsil. The reducer has a rated capacity flow factor
of 0.u48,
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The design incorporates a balanclng device which permits laxge
variations of upstream pressure without geriously affecting the delivery
pressure. This device acts to overcome the effects of both upstroam and
downstream pressure variations by equalizing the forces within the re=-
ducer. A delivery pressure sensing plston acts against a spring to con-
trol: the delivery pressurc without extraneous Torces affecting the con=-
trol.

¢
{

This parbicular pressure reducer design has been successiully
employed by Walter Kidde & Co. since 1953, and has passed the qualilfica-
tion tests of Specification MIL-R-O572A.

T2 Pressure Reducer, W.X. P/N 2172E-0212

This pressure reducer is used in the third stage reaction con-
trol system and was deslgned specifically for the small envelope regquire
ments. These pressure reducers arc now being made in quantity and have
wndergone functional and acceptance tegting. As in the sccond stage re-
ducers, this design featvures a balancing device vhich allows appreciable
variations of upstream pressure‘(lloo psl to 500 psl) without significant
effect on the delivery pressure which is set for a nominal value of U55
psi.— The rated capacity flow factor for this reducer is 0.05.

Effects of both upstrean and downstream pressure variations
arc overcome by the internal balancing of pressure forces in the re-
ducer. A spring loaded pressure sensing piston controls the delivery
pressure ond its design is gsuch that control 1s not affected by ex-
trancous forces.

T3 Nitrogen Relief Valve, W.K. P/N 872798;0525

Thig nitrogen pressure relief valve, vhich is used in both the
second and third stage system, has been in production at Walter Kidde &
Co. for some time. It has been tested in accordance with Grumman Aire
craft Engineering Corp. specificatlons, and is used extensively in
pneumatic systens.

The valve is a direct acting type vhich permits a small compact
envelope compared to other deslgns that use larger pressure sensing areas.
The seat or dynamic seal finds vlde usage in many Walter Kidde's valves
and has shown good relisbillty for pneumatic operation up to 2500 psi.

A unique feature of this relief valve is that it permits extremely high
relief flows wher the relief pressure slightly exceeds the normal rated
flow pressure. The set or cracking pressure for this relief valve is
650 * 20 psi. : :

Tk Relief and Dleed Valve Assembly, W.K. P/N-3593B-0022 and 3593B-0012

The relief and bleed valve asseubly 1s used in both the second
‘ (3593B-0022) and third stage (3593B—0012) reaction control systems. It
is an in-line assecmbly uscd to allow overboard hydrogen peroxide pres-
sure rellef in case of over-pressurlzation of the system. ‘

This assembly incorporates a 10 psl valve (W.X. B/N 2169E-0002),
an AN 938-4 tee and a 700 psi relief valva (second stage) and 600 psi
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relisf valve (third stage). The design of the relisf valve is similar to Rov,
the nitrogen relief valve (872798-0525) except for the use of a different
"O"ering material compatible with 90 percent hydrogen peroxide. This re-
lief valve permits satisfactory relief flows when the valve inlet pres-
sure slightly exceeds the pressure to produce rated flow. The cracking
pressure is 700 psi (socond stage) and 600 psi (third stage) aund the ro-
seat pressure is 10 percent below cracking pressure. The 10 psi valve
has a cracking pressure of 14-18 psi and a reseat pressure of 5 psi
mintmum and is used to maintain pressure on the peroxide system during
fueling. The AN 938-4 tee accommodates a Koehler (3-110634) "on-off"
bleed valve.’ ‘ .

Tlt.5 Solenoid Operated Fuel Control Valve, Co-Axial Unbalanced,
W.K, P/N 2172C-0003

This valve is used to control the flow of fuel to the 2 pound
thrust motor. It i1s a simple and compact design requiring low power for
operation, The spool and the shell of the valve are pressure tight,

When the solenoid coil is energized, the armature moves and psrmits axial
flow through the slots and drilled flow passages. Upon de-cnergization
of the coil, a spring forces the armature against the valve poppet which
thereunon closes against the seat, stopping the flow of fuel. Considera-
tion was given in the design of this valve to the proper selection of
materials so that all surfaces in contact with the fuel are fully conm-
patible with it.

RN Solenoid Operated Fuel Control Valve, Co~ixial Balanced,
W.K. P/N 3593D-0013, 3593D-0023, or 3593D-0003

These valves are used to control the flow of hydrogen peroxide
to the 14, 20, 40 pound roll and 40 pound pitch and yaw thrust motors,
Essentially, the three valves are identical except for attaching fittings
and flanges. The solenoid of tnis valve has an armature which is designed
to permit free flow of fuel axially through the valve assembly. An extended
stem on the armature acts as a valve seat and also serves as a balancing piston,
A drilled passage through this stem permits upstiream pressure to act over the
cross-sectional area of a cylindrical cavity thereby producing a force equal
to and opposite the pressure force acting on the valve seat. This balancing
feature makes it possible to employ larger seat diameters and higher pressures
with a given solenoid., Within the solenoid coil load capacity, flow can be
varied by changing the valve travel, and in effect, this is what is done to
utilize the same basic valve for threo different motors, :

Again, all ths valve materials have been carefully selected for
compatibility with the fuel,

747 Motor Control Valve, Marotta Type MV-159IB, P/N 218894

This "on-off" type valve is used to control the flow of fuel
to each of the 500 pound thrust motors in the second stage rsaction con-
trol system. It is capable of delivering 4.65 pounds per second of hydrogen
peroxide with a maximum pressure drop of 20 psi while operating over the range
of system pressures. -

A
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Functilonally, the valve requires a sowrce of clean dry nitrogen
vhose pressure is equal to that of the hydrogen peroxide at the inlet.
The nitrogen enters at the valve pllot section and pressurizes the back
side of the fuel shubttle assconmbly. Since the shuttle arca exposed to
the nitrogen is larger than that acted on by the fuel pressure, a
differential. force exists vwhich insures posiltive closing. To prevent
the valve from opening vhen bhe system 1s being charged with fusliand
there is, as yebt no nitrogen pressure on the pilot side of the shutile,

a helper spring is incorporated in the design. This spring exerts a
force on the shuttle vhich is sulfficient to keep the valve closed until
the fuel pregsure exceeds 35 psl.

Energization of the valve solenoid with a voltage of 24k~30V DC
results in shutving off the nitrogen supply into the valve and venhing
of the nitrogen side of the shuittle to atmosphere. The valve opening
and closing response characteristics exceed the specified requirements
and are marginal il long coast times ave rcquired for the second stage.

T.4.8 Solenoid Opecrated Thrust Control Valve, lMarotta Type MV 100T

This valve is used to force the flow of peroxide to the 1 pound
roll motors through an orificed by-pass line dwring the coast phase of
the vehicle flight. It is a simple and compact design requiring low
pover (1 ampere) for operation. When the solenoid coil is energlzed, the
armature moves and permits flow through the valve. Upon de~energization
of’ the coil, a spring forces the armature against the valve poppet which
thercupon closes against the sead, shutting off the flow of peroxilde.
All materials of the valve that are in contact with peroxide are fully
compatible. .

749 Nitrogen Solenoid Latching Valves, W.K. P/N 3593H-0014% and 3593H-000h

This valve is used Lo remotely pressurize and depressurize the
hydrogen peroxide system and replacc” the squib valve uscd on the first
Scout and €09A vehicles. The two solenoids used for opening and latch-
ing require a maxinum current of 1 ampere apiece.

The materials used in the valves are not specifically for per-
oxide use, but the downstream side of the valve 1s stabillity checked and
any excessive activity is cause for rejectlon.

A pulse current of the main solenoid allows regulated nitrogen '
to by pass and pressurize the dovnstream side of the primary shuttle
which is spring loaded closed. This pressure exerts a force sufiicient
to overcome the spring and opens the valve. Wien the main solenoid is
pulsed, the spring loaded latching solenoid locks it in the open posi-
tion. To close the valve a pulse current is applied to the latching
solenoid causing its piston to be withdrawan from the detent in the main
solenoid shaft, therceby allowing it to close. The regulated nitrogen
holdlng the primary shuttle open is then bled overboard and the primary
shuttle spring closes the main valve. The pressurizing gas in the per-
oxide system is vented overboard throush a restricted passage equiva-
lent to an 0.030 inch dlameter orifice.
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7.4.10  Charging Valve, W.K. P/ 2160B-0023 and 3593B~0002

This charging valve is used In conjunction.with charging the
gecond (2169B-0023) and third (3593B-0002) stage rcaction thrust systems
with 90 percent hydrogen peroxide. The charging valve 1s a needle type
valve with a metal to metal seat and is manually operated.

Te5 Selection of Materials

The selection of materlals for the second and third stage re-
action control systems has been based on two considerations. First,
selection was made on‘khe bagis of strength to weight ratios which were
most compatible with the requirements of the flight components. The
second and major factor, since it could not be comprized even to save
weight, wvas that only compatible materials could be used for those
parts which were to be in contact with the bydrogen peroxide. These
tvo considerations determined the material selections which were made
for the various parts of the systems and are discussed in the follow-
ing paragraphs.

T.5.1 Nitrogen Storage Tanks

The nitrogen storage tanks in both the second and third stage
systems have been fabricated of SAE 4130 alloy stecl and are coated
with an epoxy resin on the inside. This material was selected because
of its high strength properties and its ease of fabrication for the
type of pressure vessel under conslderation. % 4130 alloy steel
is not an optimum materidl for this application when compared to
titanium or some of the other more exotic high strength materials.
However, the welght saving which could be realized by using one of
these materials would be fairly small.  Fabrication would be more
difficult,and result in higher costs. Hence, SAE 4130 stecl was the
choice for the nitrogen storage tanks. ' :

Te5.2 Fuel, Tanks

Pure aluminum is the most compatible material with hydrogen
peroxide. However, since 1t 1s a poor materilal from the standpoint
of strength, - = a severe welght penalty would be Incurred Iif it were
used. Oince a bladder was to be used to separate the stored fuel
from the tank walls, the need for making an optimum aluminum selec-
tion in regard to compatibility was not of primary importance. There-
fore €061-T6 aluminum alloy was selected for the hydrogen peroxide
storage tanks. This material 1s Class 2 vhen properly treated in
accordance with NAVAER 06-25-501 and has excellent strength properties.
Forming of 6061-T6 is relatively simple and economical, while welding
and brazing present no particular problems. Othexr minor parts of the
fuel tank assembly were also made of 6061-T6 aluminum alloy.

Insofar as the bladder was concerned, the first material con-
-8ldered vac Teflon. At the time when materilal selections were being
made 1t appecared that makling the bladdexr out of Teflon would result in
an extremely high cost for this item. Mainly because of thig cost
factor, other possible bladder materials vere investipgated, and
Silastic 9711 was found to be a suitable chblce and is currently
used for the bladders of the fuel tanks. .
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T7+5.3 Lines
T.5.3.1 Second Stage

The high pressure nltrogen lines in the second stage are fab-
ricated Trom 321 stainless steel tubing, because of its high strength
properties. The higher strengbh was requived to withstand the pres-
sures cmployed on the second stage system without going to extremely
thick walled aluminum tubing. These lines are 1./2 inch diometer from
the tanks to the manifold inclusive and are 1/4 inch from the manifold
+o cach hydrogen peroxide tank.

With regard to the peroxide lines in the second stage sysbonm,
the material sclection was stainless steel with the excepuion of the
flewible hoses which are mede of stainless stecl-teflon lines. Stain-
less steel was chosen rather than aluminum due to the possibility of
aluninun hydvoxide formation in aluminuwm lines. During the course of
system developmont, some cxperimentation was carried out in an effort
+o find suitable mcans of protecting aluminun tubing against the forma-
tion of aluminum hydroxide. Trectment with various acids and other
solutions as well ac sulfuric acid anodization swere studicd. At Iirst,
ancdization appecred to be satisfactory, but when this vas tried on
several systems the formation of alwainum hydroxide was found to be
quite pronounced, cven to the extent of possible clogoing the lines
and/or the valves in the system. To obtain satisfactory anodization
special tooling would be required with a corresponding increase in
cost. Consequently, this approach was abandoned and 316 stainless
teel tubing and Teflon flexible hose are currently used in the sccond
tage hydrogen peroiide systeml.

n n

T.5.3.2 Third Stare
iscussion dealing with the sccond stage lincs

Mach of the ¢
hird stage system. The fuel and nitregen li-
.
o]

is applicable to the

ol
(V)
are fabricated from 321 stainless steel tubing. In this stage, U
nitrozen is only 1C00 psi maidimum, and Lo

high pressure supply linc 1s 1/4 inch diameter.
7.5.h Fittings

In the case of aluminum AN fittings, the material of fabrica-
tion is €061 aluminunm alloy. With regard to the stainless stecl fitt-
ings, those used in the subject systens are specified as "s8" type AN
fittings. This means that they must be made of either Type 304L or
Type 347 stainless, rather than Type 303 stainless which 1s not very

conpatible with hydrogen peroxide.
T.5.5 Pressure Reducers

The pressure reducers Tor the second and third stage systems
are 2024-Th alumimu alloy body with synthetic xubber and nylon scals
or seats. Some of the internal metallie parts wre 303 stainless steel
and the spring is tin plated spring steel.
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7.5.6 Check Valves

Stainless steel (304), compatible with hydrogen peroxide, has
been used in the syatems' check voelves, These valves were located in the
nitrogen supply lines just dounstream of the pressure reducers to guard
against the remote vossibllity of peroxide gelling into the nitrogen
lines and fleowing back into the pressure resducers., Since the incorpora-
tion of the nitrogen latching valve there is no requirement for these
valves., It has becn retained because the system procurement and fabri-
cation were tco far along to economicslly remove it,

7.5.7 Relief Valve and Bleed Assembly

Those assemblies consist of 700 psi (second stage) and 600 psi
(third stage) relief valves, 10 psi check valves snd AN 928-4 teas, The
700 and 600 psi relicf valves are 6081 aluminum which are sulfuric acld
anodizzd for peroxide ccmpatibility. The 10 psi check valves arve 304
stainleas steel and the AN 38«4 tess are corrosion resistant steesl
compatible with hydrogen reroxide for Class 2 service,

7.5.8 Reaction Hetor Control Valves

The detail parts of the Weller Kidde reaction motor centrol

valves in contact with hydropgen peroxide are fabricated from 304 stain-
lese stecl except for the plungers which are 17-/ PH stainless steel,
This was chosen for its magnetic properties and is a Class 2 material,

The valve used for the 50C nound thrust motor is fabricated
from 6051-T alumiram, Tihis valve, being piloted, does not require the
vee of magnetic rmatarials in contact with percexide,

7.5.9 Beaction Motor Chambers

The shells of the reaction motor chamters have been fabricated
from Typezs 304 and 316 stainless steel., These materials were selected
because of their rasistance to corrosive attack from the nighly oxidized
decowpocition products and they exbibit relatively bigh strength pro-
perties at elevatsd temporatures. Compatibility with hydrogen peroxide
was not a primary consideration for the motcrs., Tne materials used for
the motors huve good welding and brazing chzrscteristics to permiti easy
fabrication, The 500 nound rmotor is an investmsnt casting of 316 stain-
less steel,

7.5.10 Nitrogen Relief Valves

As in the c2se of the pressure reducers, the nitrogen relief
valves are fabricated from aluminum alloy because of the comparative
lightnass and bigh strength., These valves are not peroxide compatible,
7.5.11 Seats and Seeols

The comoonents employsd in the nitrogen systems rmake use of

seals, "O"-rings and secails which are not hydrogen peroxide compatible,
while the cowponents in the hydrogen peroxida systems use elther

Rév. A




_—

BY

VOUGHT AStenilativing o

A Bivision of Chance Vough! Corprration

n

DATE

ABT 1223

rePorT NOAST/EIR-12L3 4

-
<0 A

MadEL S PAGE NO. .

KEL~F,Vitod "A" or Teflon which are compatible. with hydrogen peroxida.

In general, KEL-I' 15 used in the peroxide valving becayse..0f ;the, possi-_
bility-of cold flow problems with Teflon even though: Teflon. has better .

high temperature properties than KEL-F.

For the nltrogen system, the AN 6920 series "Cl'srings are

specificd. In the peroxide system, several differcnt "O"-rins materilals .
D ) 5 :

have been used. The firct materiak wsed extensively vere Dow Corning
Corpound 1553 and KEL~F. The LS53 scals are still used for "0"-rings
in some of the valves. However, most of the static seals in the syse
tem have been converted from ILS53 to Viton "A” which is a much more
satisfactory static pressure seal.

There are several other instences where other seal arrange-~
nents have been used. . The original seal design for the top of the per-
oxlde tanks was a flat type scal made of Teflon. This material vas
found to be unsatisfuctory because of its cold flow characteristics
vhich resulted in lealage with time. This eeal has been changed 4o a
Viton "A" "0"-ring. The seal used in the 500 pound thrust motor be-
tueen the catalyst bed and the nozzle is a flexitallic type whilch 'will
endure the high temmeraturcs experienced in 4he motor.

Te5.12 latching Tyve Valve

The latching valve body is 202k-Th aluninum alloy and the
piston edjacent to the vent port is 303 stalnless stecl. The piston
seat and stem are Teflon and U416 stainless steel, respectively. The
vens portion of the valve has a G061-T6 alwninum alloy body, Viton “A"
soculs, and the other parts arc 302 stainless steel. The above parts
as well as the 2024-Th exit port of the latching valve must demonstrate
1ivtle activity vhen in contact with 90 percent hydrogen peroxide.

T«5.13 Marotta MV 1007 Thrust Reduction Valve

This valve used in the third stage thrust reduction system and
in conjunction with the 14 pound motors is made from 6061 aluminum alloy.
KEL-F and Viton "A" seals and seats are used where contact with hydrogen
peroxide occurs.

T.5.1.  Koehler (3-110634) Bleed Valve

The: Kochler bleed valve 1s 304 stainless steel using Viton "A"

sealsa.
T.5.15 Hoke Charglng Valve
This neédle valve has a metal to metal seat and the steam

"0"-~ring seal is Teflon. The valve body and stem are 316 stainless
steel, : :
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COMPONENT WIEIGHTS
- SECONL_AND_ THIRDR STAGES
SECOND STAGE
Assy. W&, Total Wt.
Component, Qty Part No, bz, Lbs,
1. Fuel Storsge Tank 10 | 3593L-0004 | 6.20 62,00
2. Nitrogen Storage Tank 2 3593A-0004 12,40 20,80
3., 500 Pound Chamber and Valve
Assembly 4 3593R~-0043 12.90 51,60
b, (2) 20 Pound Chamber end
Valve Assemblies " 2 3593M4~0004 3.96 7.92
5. (2) 40 Pound Roll Chamber NASA 804731
and Valve Assemblies 2 or WK 3593-099 4.46 8.92
6. Fuel Chorging Valve 1 2169B-0023 1.06 1.06
7. Valve Assembly, Pneumatic ‘
(3 Way) 1 | 3593H~-0014 2,10 2,10
8. Overboard Chamber Assembly 1 2169S5-0004 0.25 0.25
9. Pressure Reducer and Filter 1 3593-C-0002 2.09 2.09
10, Relief Valve and Drain Assy, 1 3593B-0022 0.66 0.66
11, Nitrogen Relief Valve 1 872798-0525 0.25 0.25
12, Nitrogen Charging Valve and :
Fitting 1 2169K-1762 0.75 0.75
13, 1/2 Inch Check Valve (Pneu-
matic System) 1 2169F~0003 0,47 0,47
14, Koehler Hydrogen Peroxide
Bleed Valve 1 3-110634 0.15 0.15
- continued -
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(Continuecad)
Component TV Qy 1 Paxt No.  ASsy. Wo. Total We.
o ol Ibs, Ibs.
1. Tuel Tank Assembly 2 | 35931000k 3.60 720
2. Hitrogen Tank Asserbly 2 | 21721001k vboo | 8.8
3+ 2.2 Pound Chamber and Valve
Assenbly 2 { 3593R-0054 0.90 1.80
b 1l Pound Chamber and Valve
Assembly (L. H.) 2 | 3593%-000k4 1,92 3.84
5. 14 Pound Charber end Valve
Asserbiy (R.H.) 2 | 3593%~C0L4 1.92 3.84
6. 40 Pound Charber and Valve
Assenbly L 35931~-007k 2.23 L6
7. Fuel Charging Velve 1 { 35938-0002 0.68 0.83
8. Pncuwmatic (3 Way) Valve Assy. 1 { 3593H~-000k | . 2.10 2.10
9. Overboard Chanber Assernibly 1 t 21.695-000k 0.25 0.25
10. Pressure Reducex and Filter ‘
Assenbly 1 | 2172E~0212 0.85 0.85
11l. Relief Valve and Drain Assy. 1 { 3593B-0012 0.66 0.656
12. Nitrogen Relief Valve 1 t 872798-0525 0.25 0.25
13. 1/4+ Inch Check Valve (Pneu-
matic System) 1 | 2172F-0002 0.16 0.16
14, 2 Pound Reducer and Filter
Assenbly 1 { 2172R-0512 0.10 0.10
15. Koehler Hydrogen Peroxide
Bleed Valve 1 | 3-11063% 0.25 0.25
16. Marotta Thrust Control Valve 2 | 210753 0.80 L.60
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Regquirement,

Third S;aggﬂ

Second Stage

Rocket Motor

Design Thrust Levels

**Condition 1
**Condition 2

500 Lb, Motor
62? T 5? lea
59607 *E 8?»7 lbso

L“O Ib ¢ MotOI‘
L & 4.4 1bs,

**Condition 1.

**Condition 2

20 Lb, Motor
22,8 = 4,6 los.

2108 *& 505 lbs,

14 Lb., Motor
14 £ 1.4 lbs,

3% 1,0 1lbs,
2 Lb. Motor
2.2 & 0.4 1bs,

Established based
on tolerance per-
cent of 20/ motors

Condition 1

Condition 2

LO Lb, Motor Retrofit

44 + 8.8 lbs,

42 + 11,0 1lbvs,

- em e W em W e w

- e wr en e e e omm

Minimum
Total Impulse

1004 duty cycle

25,560 Ih-zec,

2,560 lb-gece _ ___

Intermittenf
opzration

21,300 Jb-s<c,

2,240 lo=-see,

Hydrogen Peroxide
Temperature at Inlet
to Reaction Vantor

40 to 160°F

40 to 160°F

Nitrozen Pressurizing
Gas Temperature

40 to 16Q°F

40 to 160Q°7

Nominal Njitrogen
Storage Pressure

3000 vsig

1000 psig

Power Requirements
for Thrust Control
Valves

Coi.l Resistance -
28 £ 2 at 80°F;
Actuation Signal -
26 volts min.;
Drop-out Current -
50 ma min,

(Same as for sccond
stage)

Ambient Pressure for
Rocket Motor Design

Pressure at 100,000
ft, altitude

7 x 10-3 in, Hg. Abs,.

Regulated Nitrogen
Pressure

* 525 & 10 psig

{no flow)

* 455 & 10 psig
(no flowu)

1 3 cps and 0,150 second signal duration
*  Not originally specified - established through system development

** Reference:

Vought Astronautics Spscification 304-3A
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TABLE LIL

HYDROGEN PEROXIDE TAIKAGH CAPACIIY

PAGE NO. .20

-

P S )

- .

Third Svare

o N Second Stage |
Total Impulse - Ib-Scc. (100% Duty
Cycle) 25,560
Average Speeific Tmpulse (.Ill%%c.fé) 1l
Required Velght of Hydrogen
Peroxide - Ibs. 178
Actual. On-Board Weight of Iydrogen
Peroxide - Ibs. (Tncludes Tanks,
Lines, etc.) 185
Actual Usable Wedght of Hydrogen
Peroxide - Ibs. -182.0
Total Tmpulse ~ Ib-Scc. (Intermitient
Operation) 21,300
Required Specific Irmulce to Ubtain
Potal Impulsc for Intermitient Opera-
tion ~ Sec. 1.7
Required Hydrogen Peroxide Storage
Volume - Cu. In. (Density of 86.9 1b/1t3) 5,00
Nominal Volume of Hydrogen Peroxide
Tankage - Cu. In. 4,000

-

123

36k

400
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FIGUKE 8
ACTUAL THEUST NOZZLE DIMENSIONS
. /)C{, .
__7F"_f>\_,fff””ﬁffff//’ffﬂypf‘
- i — _
R dg
//INN5\\\\\“~‘\““‘--~_‘~ ;
L o
I
dy = Throat Diameter
At = Throat Area
de = Exit Diameter
oL = Half Angle
L = Nozzls Length = (dg - d¢ )
2 Tan <C
Nominal Ay
Motor dy - dg L
Stage Size (in) (in®) (in) (deg) (in)
2nd 5004 1,437 1,622 3.56 25° 2,276
Retrofit ]
2nd 40# Roll | 0,373 0,1093 1.175 20° 1.10
2nd 20f Roll | 0.290 0,0661 0.825 20° 04735
404 Pitch
3rd and Yaw 0.373 0,1093 1.183 20° 1,113
3rd 14-34# 0.200 0,0314 0,775 | 7° up 2.103
3rd 24 0.076 0,004s54 | 0,265 20° 0,273
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APPENDIX

PROPIRTILS OF O PERCEITL INDROGHIT PIRQOKIDIN:

Concentrated hydrogen peroxide has received a relatlvely vide
usage Loth as the oxidizer component of bi-propellants and as a nono-
propellant. As a consequence, its properties, bolh physical and cheomi-
cal, have been established and materials of construction and procedures
of hqndllng have been deseribed. Military Specification MIL-II-16005C
ancnded, covers the procurenment of hydrogen peroxide which is to be
used for military applications. Some of the physical propertics of
90 percent hydrogen peroxide and its decomposition pvoductu are pre=
sented in the following tables:

Physical Propertles of 90 Percent Iydropgen Peroxide

Boiling Point (1 atmosphere) 286.1°1
Density - liquia (77°F) 86.9 1b/cu. fi.
Electrical. Conductivity (1. atmosphere) 1.9% x 10-6 ohms /cn.

Freezing Point {1 atmosphore)
’ in freezing)

Heat Capacity - Liquid (32 to 81°F) 0.660 BTU/1b. - °F

Heat of Decomposition (77°F) 1108.6 BTU/1b.

Heat of Vaporization (80.4OF) 698 BTU/1b.

Molccular Weight (average) 31.2

Surface Tension (G8F) 79.3 Dynes/onm.

Vapor Pressure (T0°F) 2.60 mm of Hg
(150°F) 36.3 mm of Hg

Viscosity (77°F) 1.155 Centipoise

*¥Reference: Becco Bulletins listed in Section 8 of this report.,

11.3°F (Note: contracts 11%
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Propertics of 90 Percent Iydrogen Peroxide*

Physical Propertles of Decomposition Products
of 90 Percent Iydrogen Peroxide

Wt, % of Hp0 577

We. % of 0, h2.3

Molecular Welght (average) 22.10

Cp 9.7 BTU/nol. °F
c, 7.48 BTU/mols °F
qp/cv 1,266

Hydrogen peroxide solutlons of high purlly are very stable.
The decomposition of hydrogen pcroxide is a strongly exothermle re-
action. In splte of this fact, the rate of dcconposition is very low
in the abgence of catalysts. lHydrogen peroxide is remarkable for the
nuber and variety of decomposition catalysts and for the minute quan--
tities required to give large effects. Many, but not all, hecavy mctals
are active decomposition catalysts. Almost all varietics of dust and
dirt willl catalywze the decomposition.of hydrogen peroxide. Hydrogen
peroxide solutions are generally more stable vhen acld and less stable
vhen made allaline. Acids are, probably, the only known materlals
vhich actually inercasc the stability of hydrogen peroxide.

Stability of ivdrogen Peroxlde at Various Tenpexratures
(Reference: Becco Bulletin No. LG)

Temperatures Approx. Rate of Decomposition
30°C (B6°F) » % per year
66°C (151°F) 1% per weck

100°C (212°F) Iess than 2% per hour

141°¢ (285°F) Decowpose rapidly with bolling

Hydrogen peroxide decomposition is an exothermic reaction as follows:
Hy0, (1) — 10 (1) + 1/2 0, (g) + 23,450 cal.

Upon complete decormosition, 1 liter of 90 percent hydrogen peroxide
yiclds 589 grams of oxygen gas and 801 grams of steam. Under adi-
abatic conditions, the calculated temperature of these products is
750°C, and their calculated volume is 5000 liters at this temperature
and 1 atmosphere. Thils system has obvious advantages as a pover
s0oUrce.

Concentrated hydrogen peroxide has obtalned a somevwhat
exageerated reputation for being hazardous. Like any material of
high encrgy content, it requircs care in handling, but glven this
care, it can be used in safety.
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Hydrogen peroxide solutions and vapors are non-toxic. Both
are irritating, howvever. The vapor causes discomfort of the eyes and
nosc. The liquid at moderate concentration causes vhitening of the
skin and a more or less severe stinging sensation. Highly concent-
rated hydrogen peroxide can cause blistering if left on skin surfaces
for any length of time. Contact with the material should be avoided,
but frmediate Tlushing with water will prevent any reaction in case
accidental contact occurs.

‘Hydrogen peroxide of high concentration can cause fire upon
contact with combusbible waterial. Solutions stronger than about 65
percent can release cnough energy to heat the decomposition products
to high temperature, i.e., T50°C in the case of 90 percent hydvogen
peroxide. Ignition of neoarby Tlwamable material is then to be ex-
pected. In cusc of spillage or any other cuergency with coneent-
rated hydrogcen peroxide, vater is the best reomedy. If used In time,
it will prevent any vigorous reaction, and it is ulso the best ex-
tinguishing agent for fires resulbing frow spillage.

Apparently, it is impossible to obtain a propagating de-
tonation in pure 92 percent hydrogen peroxide. The material has
been subjecbed to numerous and varied tests and in no case huas a
propagating detonation been obscrved.

Catalytic decomposition of hydrogen peroxide in a closed
container may cause pressure rupture of the vesscl. Containers for
hydrogen peroxlde should always be vented in order to obviate this
possibility. :

The {irst and most important consideration in choosing or
designing equipment for IHnOp service is that of materials seclection.
It is essential that all parts of the apparatus vhich will be exposed
to the Hp02 be made of sulficiently compatible materials. Extensive
tegts have been made to determine which materials should be used.

The decision as to the compatibility of a certain material is usually
based on the following factors:

1. The effect of the material on the rate of decomposition
of the I{202o

2. The effect of the 1,0, on the materials.
3. The possibility of forming detonable mixtures with IHp05.

In choosing metals to be used in contact with hydrogen per-
oxide, it is nccessary to select only those vhich do not promote de-
composition and to avoid dissimilar metals because of the possibility
of electrolybic corrosion. The selection criteria for gaskets and
lubricants are differcnt. Here, the primary attention is not so
much a matter of the materials' catalytic properties, but rather
one of avoiding those materials which are casily oxldized or which
may react to form sensitive explosive organic peroxides. Suitable
materials of this kind are unfortunately limited to the f{luoro-
carbon polymers and polycthylenc.
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The selection of materials which come In contact with hydrogen
peroxide decomposition products on the other hand is, comparatively
speaking, less stringent. Here, the main attention is only one of de=-
terioration resistance to oxidation by molecular oxygen atb the prevall-
ing temperature.

When dcclding which materials should be used for a particular
item of equipment, the end use of the item mist be a dominant factor.
For example, a long-time storage tank should be made of hipghly compatible
material, vhereas a valve in a one-shob rocket could be made of lesns
compatible material. Materlals have been divided into four general
classifications depending on their end usc; the table follovwing lists
the materials vhich may be used in hydvogen peroxide service.

Classlfication of Materials for Use Wi"bh
90 Percent Hydrogen Peroxide

I

MATERIAL TYRES USE CIASSIFICATION
Metals 1. 2, 3. L.
Aluninum =~ 99.G05 pure x X X

25 Alloy X X b4

43 x X

528 x X

563 x X

613 X X

638 x x

728 X b4 b4

158 : x

1055 X x

248 x

13 b'd

LOE ple
Cadmium b's
Chromium b'd
Copper X
Lead X
Iron or Carbon Stcel b'd
Nickel X
Silver X
Tantalunm b4 X bd
Tin b 4 X
Titanium b'd
Zirconium X X b'd
300 Series Stainless Steel ‘ X x

0O Scrice Stainless Steel - x
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MATERTAL TYPES

Scalants

Polyetlylene

Teflon

Kel-F

Bung Sand N

Geon 8372

Hycar

Koroseal

Neoprene

Nylon

Polystyrene
Silicone Rubber
Thiockol

Trithene

Tygon 2807 -
Vinylite

Veloform

Gatke Moulde Fabric
Garlock Packing 5631
Mylar A and B
Resistoflex

Inbricants

Aroclors

Fluorolubes

Kel-Flo Polymer Olls
Perfluorolube Grease and Oils
Silicones

Paraftin Oils and Greases
H2 -~ Hydraulic Fluid

Ucon Hydrolube Uk

Skydrol

Halocarbons

Note

-

Class 1 - Materials are satlsfactory for long periods of contact such
as in storage tanks and filled lines.

Class 2

!

Clase 3

immedlate use.

Class 4 - Materilals are unsatisfactory.

la 2. 3. lh',.
X x X
X b'4 b's
X X X
b'd
X
X
X X
X
X
b 4 X '
X
X
X X X
X
b4 X
X X
x X X
X X
X b4 bid
X
bld
X b4 X
X X x
b4 X b'd
’ b4
x
X X
X
X
b3

Materials are satisfactory for short time contact prior to
storage or use. Useful for all applications except storagec.

Materisls are satisfactory for short time contact prior to

USE CIASSIFICATICON
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MATIERTAL TYPES
Scalants

Polyethylene

Teflon

Kel-F

Bung Sand N

Geon 8372

Hycar

Koroseal

Neoprene

Nylon

Polystyrene
Silicone Rubber
Thiokol

Trithene

Tygon 2807 -
Vinylite

Veloform

Gatlie Moulde Fabrilc
CGarlock Packing 5681
Mylar A and B
Reslistoflex

Iubricants

Aroclors

Fluorolubes

Kel-¥Flo Polymexr Olls
Perfluorolube Grease and Oils
Silicones

Paraftin 0ils and Greases

H2 - Hydraulic Fluid

Ucon Hydrolube Ul

Skydyrol

Halocarbons

Hote

Closs 1 -~ Materials are satisfactory for long periods of contact such
as in storage tanks and filled lines.

Class 2 - Materials are satisfoctory for short time contact prior to
storage or use. Useful for all applications except storagce.

Clage 3 - Materisls are satisfactory for short time contact prior to

immediate use.

Class U = Materlals are wnsatisfactory.

1. 2 3. .
X x x
X X x
X X x
x
X
x
X X
X
X
X X
X
X
X X X
X
b X
X X
X X X
X X
X X %
X
X
X X x
x X x
x x x
’ b4
X
x X
X
x
x

USE_CIASSIFICATION




